RM2.184, a mouse IgG2. monoclonal antibody, recognizes a polymorphic determinant on the complement receptor for C3bi which is present on granulocytes and monocytes. The RM2.184 epitope is distinct from the monomorphic determinant recognized by the monoclonal antibody OKM1. The RM2.184 epitope is probably on the alpha subunit and dependent on the association of the alpha and beta subunits for its configuration, as it can not be detected after the subunits have been dissociated. The phenotypic frequency of the RM2.184 antigen is -14%, and its segregation in families is independent of HLA and consistent with an autosomal co-dominant mode of inheritance.
Introduction
Recently, a family of three structurally and antigenically related human leukocyte differentiation antigens have been described. This family consists of the lymphocyte function-associated antigen-1 (LFA-1) (1), the complement receptor for C3bi (CR3) (2) , and a p 150, 95 molecular complex (3) . Each of these molecules consists of an alpha and beta subunit which is noncovalently associated. The beta subunits are all 95,000 mol wt and are apparently identical, but the alpha subunits vary in size, being 177,000, 165,000 and 150,000 mol wt for LFA-1, CR3, and p 150, 95, respectively. Whereas the function of p 150, 95 is unknown, both LFA-1 and CR3 play a role in adhesion between effector and target cells (1) . CR3, which is expressed on the surface of monocytes, granulocytes, and natural killer cells, is thought to be of clinical importance, as the granulocytes of a patient prone to recurrent bacterial infections lacked this antigen (4, 5) . The structure and cellular expression of this molecule have been largely established by monoclonal antibodies (MAb) to monomorphic determinants, and several of these antibodies, OKM 1, OKM 10, Mo 1, and Mac-1, have been reported to inhibit receptor binding of its ligand, C3bi (2, 3, 6, 7) ; however, there is disagreement about OKM 1 on this point (6) . We have recently reported the production of an MAb, RM2. 184, which recognizes a polymorphic determinant on monocytes and granulocytes (8) . 1 . Abbreviations used in this paper: CR3, complement receptor for C3bi; 2D, two dimensional; EAC, erythrocyte antibody complement; FITC, fluorescein isothiocyanate; GVB++, gelatin-veronyl buffer containing 0.3 M CaCl2 and 0.1 M MgCl2; LFA-1, lymphocyte function-associated antigen-1; MAb, monoclonal antibody(s); PAGE, polyacrylamide gel electrophoresis.
We report here on the characterization of the determinant recognized by this antibody which indicates that it is a polymorphic determinant on CR3.
Methods
Cells. Granulocytes were separated from heparinized blood (10 U/ml) of normal volunteers by sedimentation with dextran followed by Isopaque-Ficoll gradient sedimentation (9) . Contaminating erythrocytes were lysed by 2 min exposure to 0.07 M ammonium oxalate. Mononuclear cells were separated from heparinized blood by Isopaque-Ficoll density gradient sedimentation (9) . T and B lymphocytes were separated by passage through a nylon wool column (10) . Monocytes were separated from mononuclear cell preparations by adherence to fetal calf serum-treated plastic Petrie dishes with subsequent elution with 0.2% EDTA.
Monoclonal antibodies. Balb/c mice were immunized intravenously with 5 X 106 mononuclear cells from a single donor on two occasions 3 wk apart. 4 d after the second immunization the spleens were removed and fused with the myeloma line Sp 2/0-Ag 14 (11, 12) . Culture supernatants were screened for antibodies reactive with the T and B lymphocytes and monocytes of the immunizing donor by microcytotoxicity (13) . Antibody-producing cultures were cloned repeatedly by limiting dilution until all wells with colonies produced antibody of the same reactivity pattern. The immunoglobulin class of cloned hybridoma supernatants was determined by immunodiffusion against immunoglobulin class and subclass specific antisera (Liton Bionetics, Kensington, MD). OKM I was purchased from Ortho Diagnostics (Raritan, NJ); MAb 49-I 1.1, an IgG2, antibody specific for mouse Ly-2. 1 (14) , was a gift of Prof. (17) . In sequential immunoprecipitation experiments, labeled lysates were immunoprecipitated three times with one antibody and then immunoprecipitated with another antibody. Two-dimensional (2D) electrophoresis. 2D electrophoresis with isoelectrofocusing in the first dimension followed by SDS-PAGE electrophoresis under nonreducing conditions in the second dimension was performed by the method of O'Farrell as described by Jones (16) .
Dissociation ofalpha and beta subunits. Three methods ofdissociation were employed. (1) High pH (2) . Aliquots of cell lysate were mixed with 10-fold excess of solutions containing 50 mM triethylamine, 0.1% Triton X-100, and 0.5 M NaCl, the pH of which had been adjusted with HC1 or NaOH to produce solutions whose pH differed by 0.5 U from pH 9-12.5. After 30 min incubation at 0°C, the samples were neutralized with predetermined volumes of 1 M Tris-HCl to achieve a sample pH = 7.6.
(2) Urea. Aliquots of cell lysate were mixed with an equal volume of phosphate-buffered saline (PBS) containing increasing concentrations of urea to yield final urea concentrations of from 1 to 4 M. (3) Affinity chromatography. Cyanogen bromide-activated Sepharose 4B (Pharmacia Fine Chemicals, Uppsala, Sweden) affinity columns were prepared with ammonium sulfate-precipitated MAb. Cell lysates were sequentially passed through a hydrolyzed Sepharose 4B-containing column, a column to which MAb 49-1 1.1 was bound (preclear), then through a column containing RM2. 184 (18) . The latter column was eluted with a stepwise pH gradient from pH 9-11.5 (19) . Fractions were concentrated by precipitation with -20'C acetone and centrifugation and resuspended in SDS sample buffer.
Immunoelectroblotting. Granulocyte lysates were subjected to SDS-PAGE (10% N, N diallyltardiamide gels). The proteins were then transferred to nitrocellulose membranes using the Trans-blot cell (Bio-Rad Laboratories, Richmond, CA). The transfer buffer was 25 mM Tris, 192 mM glycine, pH 8.3, 20% methanol, and with or without 0.1% SDS. Two different protocols were used, either 22 V, 13 mA, 18 h, or 55 V, 270 mA, 2 h. The nitrocellulose paper was cut into strips corresponding to SDS-PAGE lanes and were blocked with either 3% bovine serum albumin (BSA) (19) or 5% high protein dry skim milk in PBS, Bovine Lacto Transfer Technique Optimizer (20) . The membranes were probed with RM2.184, OKM 1, and 302, followed by horseradish peroxidase conjugated rabbit anti-mouse antibody (Bio-Rad Laboratories). The substrate was 4 chloro-I-napthol with H202.
Radiobinding assays. MAb and F(ab')2 fragments ofgoat anti-mouse IgG (Pel-Freeze Biologicals, Little Rock, AR) were '25I-labeled by the lactoperoxidase method. Binding assays were performed in microtitre trays using 100 Al ofgranulocytes (I07 cells/ml). For direct binding assays, 251I-labeled MAb were added (105 cpm/well), incubated for 1 h at room temperature, and washed three times with PBS containing 5% BSA and 0.02% sodium azide (PBS/BSA/NaN3). For indirect binding assays, unlabeled MAb were added (100 Mil at 1 mg/ml), incubated for 1 h at room temperature, and washed three times with PBS/BSA/NaN3, then incubated for 1 h with '251-F(ab')2 anti-mouse IgG (2 X 101 cpm/well) and again washed three times as above (21 (Fig. 1, lanes 1 and 2) . 2D electrophoresis (first dimension iso-electric focusing, second dimension SDS-PAGE) showed the isoelectric points of the two subunits precipitated by each antibody to be 6.0-6.2 (alpha) and 5.2-5.8 (beta). Sequential immunoprecipitation of a granulocyte lysate of the immunizing donor by OKM1 followed by RM2.184 showed complete clearance of the p 165, 95 bands by OKM1 and no subsequent precipitation by RM2. 184. The reverse experiment gave identical results (Fig. 1 , lanes 3-6 and 7-10, respectively), indicating that the MAb recognize the same molecule.
Relationship between the RM2.184 and OKM) epitopes. Effect ofRM2.184 and OKM1 on EAC rosetting. Fig. 3 shows the results of a representative experiment in which granulocytes of the immunizing donor were incubated with varying concentrations of MAb, washed, and rosetted with EAC. OKMl caused a dose responsive inhibition of EAC rosetting while RM2. 184 and the negative control MAb 49-1 1.1 had no effect.
Attempts at subunit localization ofthe epitope. SDS-PAGE electrophoresed 251I-labeled precipitates obtained with each antibody could be readily transferred to nitrocellulose paper by electroblotting. However, '25I-labeled RM2.184 and OKM1 which would bind to granulocytes of the immunizing donor would not bind to electroblotted unlabeled precipitates that had been transferred under a variety of conditions. Aliquots of 251I-labeled granulocyte lysates were subjected to high pH to dissociate the noncovalently linked subunits, followed by immunoprecipitation, SDS-PAGE electrophoresis, and autoradiography. OKM 1 rect binding assays were performed on granulocytes from 51 unrelated normal adults. 10 were found to react with RM2. 184 as assessed by the ratio of the counts bound by an individual's granulocytes to those bound by those of the immunizing donor, which were used as a control in each assay. The ratio was 0.43±0.13 (mean±SD) for the positive population (n = 10) and 0.06±0.03 for the negative population (n = 41). Binding of "51-OKM I was also examined with 13 for the eight negative cells. Indirect binding assays with granulocytes were performed using MAb and '251-labeled F(ab')2 goat anti-mouse Ig as the second antibody. 31 individuals whose RM2. 184 phenotype had been determined by the direct binding assay were studied. The results were expressed as the ratio of the counts obtained with the specified MAb to those obtained with the unreactive control myeloma protein MOPC173 (Fig.  4 ). There was a clear distinction between RM2. 184 (+) and (-) cells. The difference between the positive and negative populations was not due to a quantitative difference in CR3 density, as OKM 1 binding was similar in both groups. Granulocytes from 10 subjects whose RM2. 184 phenotype had previously been determined were examined with RM2. 184, OKM 1, and G1 I by indirect immunofluorescence and flow cytometry. The results are summarized in Table I and the fluorescence profiles of two representative cells are shown in Fig. 5 .
In total, 130 unrelated individuals were tested in one or more assays. No discrepancies were found within or between the different assays. 18 individuals were RM2. 184 (+), which represents a phenotypic frequency of 14%. and OKM I were assessed simultaneously. The RM2. 184 phenotype was independent of the simultaneously measured OKM 1 binding, which was high with the granulocytes of all family members. RM2. 184 reactivity segregated independently of HLA and was consistent with an autosomal dominant or co-dominant mode of inheritance (Fig. 6) .
Sequential immunoprecipitation of RM2.184 heterozygous granulocytes. Granulocyte lysates were prepared from three individuals who were shown by family studies to be obligate heterozygotes. In each case, sequential immunoprecipitation by OKM I followed by RM2. 184 showed complete clearance of the p 165, 95 bands by OKM 1 and no subsequent precipitation by RM2.184. However, when the order of precipitation was reversed, despite complete removal ofRM2. 184 precipitable bands, OKM1 was still able to precipitate further p 165, 95 bands (Fig.  7) . This observation indicates that expression of the epitope is co-dominant rather than dominant.
Discussion
These data show that RM2.184 recognizes a polymorphic determinant on CR3. The RM2. 184 epitope is distinct from the alpha chain epitope recognized by OKM 1. This conclusion is supported by the lack of mutual inhibition by the two MAb, the different susceptibilities of the epitopes to dissociation of the alpha and beta subunits, and the different effects of the two MAb on CR3 binding of EAC. It was not possible to directly determine the subunit localization of the RM2.184 epitope. However, this epitope is unlikely to be on the beta subunit, as there is strong evidence that this subunit is shared by CR3, B (Fig. 3) suggest that OKM1 epitope is closely related to the C3bi binding site. However, the main importance ofthese experiments is that OKM 1 and RM2. 184 have different effects under identical conditions, and this finding supports the other evidence that the two epitopes are distinct. It will be of interest to determine the relationship between the RM2. 184 and OKM9 epitopes, as OKM9 is also specific for CR3, and so likely to recognize an alpha subunit determinant, and it has been reported not to inhibit receptor-ligand binding (2) . Similarly, it would be of interest to determine whether this polymorphism of CR3 is related to the HGA-1 antigen system common to granulocytes and monocytes defined by Thompson et al. (24) using allosera.
The frequency ofthe RM2. 184 (+) phenotype is -14%, and its segregation pattern in family studies is consistent with an autosomal dominant or co-dominant mode of inheritance (Fig.  6 ). However, sequential immunoprecipitation studies (Fig. 7) show that granulocytes of obligate heterozygotes carry both RM2. 184 (+) and (-) CR3 molecules. This finding indicates a co-dominant rather than a dominant mode of inheritance.
Structural and qualitative polymorphisms ofCR1 have been described, and both are inherited in an autosomal co-dominant manner (25) . The structural polymorphism of CR1 is detected by differences in molecular weight and electrophoretic mobility. These limited studies of the structural basis of the CR3 polymorphism have not demonstrated an obvious alteration of either parameter, and further study is required to establish its precise structural basis.
